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ABSTRACT 
 
 Soil Water Assessment Tool, calibrated to two years of observed flow, sediment and phosphorus 
data, was used to evaluate flux changes along the main channel of the Oak Orchard River.  The model 
employed realistic crop rotation and nutrient management scenarios, incorporates inputs from all point 
sources, and includes groundwater inputs from the Onondaga escarpment.  The model suggests that 
significant amounts of sediment are sequestered in reaches containing the Iroquois National  Wildlife 
Refuge and the Glendale dam.  Some sequestering of sediment also occurred behind the Waterport dam 
and the reach immediately downstream.  A significant increase in sediment loading occurred in the 
reach between the Glendale dam and River road.  Inputs along this reach should be considered a 
management priority, as downstream sequestration in at least one of the crop scenarios was unable to 
reduce the flux of sediment to its pre-Glendale Dam levels.   Fluxes were found to be a strong function 
of climate, with wet winters producing the greatest fluxes of sediment and phosphorus, followed by 
average conditions, wet falls, wet springs and wet summers.  Fluxes were also found to be a strong 
function of crop location.  Low phosphorus fertilizer strategies did not significantly reduce the amount 
of total phosphorous produced.  Reductions in mineral phosphorus exports were noted, however these 
decreases were associated with increases in organic phosphorus exports.  The location of crops on 
specific hydrologic response units proved to have a much larger effect on phosphorus exports.   Total 
phosphorus was not observed to be sequestered anywhere in the main channel.  These results are 
caused by the ratio of organic to mineral phosphorus predicted by the model, which is very large.   The 
model shows large increases in phosphorus fluxes occurring in the Mucklands and the stretch of the 
river between Glendale Dam and River Rd.  A flux balance analysis of the harbor shows that Oak 
Orchard river is the dominant source of phosphorus, contributing between 85% and 95% of the total 
flux.  Based on these simulations, average yearly fluxes of sediment and total phosphorus out of the 
harbor are 7,550 and 103 tons per year. 
             
INTRODUCTION 
  
 Oak Orchard River is an impaired water body in New York State that is believed to contribute a 
significant amount of sediment and phosphorus to the shore of Lake Ontario.  For this reason, the 
United States Army Corps of Engineers and the Oak Orchard Watershed Protection Alliance have 
teamed up to develop the Oak Orchard SWAT model to identify sources of concern and management 
opportunities in the watershed.  Discussions with stakeholders of the Oak Orchard Watershed 
Protection Alliance and the State of the Basin Report (Zollweg et al, 2005) have yielded that the 
following questions need to be answered.  These questions are 1) what is the flux of sediment and 
nutrients from different parts of the watershed, 2) what fraction of the overall flux of nonpoint source 
pollution from the watershed is caused by the Mucklands, and 3) what roles do the Iroquois National 
refuge, Glendale and Waterport reservoirs have in controlling the flux of sediment and nutrients in the 
main stem of the river.  It has also been hypothesized that these features may significantly decrease the 
flux of suspended sediment that reach Oak Orchard Harbor.  If so, we need to assess the flux of 
sediment from Marsh Creek and the other undammed tributaries to the harbor to insure that these 
tributaries receive the appropriate amount of remediation.  Another critical question that needs to be 
answered with the model is how fluxes vary in this watershed during high flow events.  Climate 
changes are incurring in western New York that are causing an increase in the frequency of extreme 
precipitation events (Wake et al, 2006; Hodgkins etal, 2007; Coon, 2008).  A previous SWAT modeling 
study for Oak Orchard Watershed by Stypa (2009) has demonstrated that a large portion of the annual 
flux of sediment and phosphorous is contributed during months containing extreme precipitation 
events.  At higher flows the sediment sequestering capability of in-stream wetlands and reservoirs 
diminish so the question is how will these extreme events impact the relative contribution of sediment 
and nutrients from different parts of the watershed. 
      
BACKGROUND 
 
INWR 
 The Iroquois National Wildlife refuge is a system of wetlands and modified ponds that have 
been modified to provide habitat for waterfowl.  Four of the ponds take water from Oak Orchard river 
in the winter and early spring and are engineered with a system of tiles and weirs to enable water levels 
to be controlled throughout the year.  There are several reasons why the refuge might enhance 
sequestration.  Oak Orchard River flows through 10 miles of wetlands which then terminates in a large 
pond (the Oneida), where its flow becomes nonchannelized and loses significant amounts of energy.  
The drainage of the river from this pond is controlled by a water control  structure, which is managed to 
keep water levels in the Oneida and other ponds up so that they will be optimized for waterfowl habitat.  
Three large ponds in the Refuge are hydrologically isolated from the river during the summer and Fall, 
but are repenished from high flows in the Oak Orchard River in the early spring, and thus act as defacto 
settling ponds.  These aspects of the INWR and the low gradient of the river through the wetlands 
provide long residence times for water, opportunities for sediment storage, and extensive areas where 
river water can  be exchanged with water in neighboring wetlands.  The area also has significant 
groundwater inputs, which probably helps to dilute phosphorous concentrations.  Long residence  times 
and dilute conditions have been shown by previous studies (Woltemade, 2000; Healey and Cawley, 
2002; Fisher and Acreman, 2004) to enhance P sequestration in natural and artificial wetlands. 
 
 METHODOLOGY 
 
 This study uses the Oak Orchard SWAT Model, calibrated for water balance, sediment and total 
phosphorus to answer these questions (Figure 1).  Details on its calibration and validation can be found 
in Richards et al (2011).  The main channel can be divided into eleven segments (identified as C1 
through C11) based on river gradient, land use, point sources and reservoirs (Figures 2 and 3).  The 
upstream most segment is its headwaters above the Mucklands.  This section, which stretches from the 
top of the Onondaga Escarpment north of Batavia to outlet 53 is characterized by a moderate river 
gradient and no point sources.  The segment between outlet of subbasin 53 and the inlet of subbasin 35 
is characterized by very low river gradient.  This segment picks up drainage from the Muck farms and 
the Elba WWTP.  Downstream of this segment to the gage at Fisher Rd (Outlet of subbasin 63) is low 
gradient stretch with no point sources.  This section has instream wetlands in its downstream end and 
the channel has been channelized.  The stretch from Fisher Rd to the outlet of subbasin 48 is 
characterized by a low river gradient and instream wetlands.  The stretch picks up a tributary that 
contains outflows from  US Gypsum, Allan Canning and the Oakfield WWTP.  This reach also picks up 
groundwater input from outside the watershed.  The  section of river channel from the outlet subbasin 
48 to the inflow of reach 25 is also characterized by low slope and instream wetlands.  This stretch 
includes the ponds of the INWR refuge, which have not been explicitly parameterized in the model, 
with the exception of the Oneida pond which is parameterized in the model as a reservoir.  This stretch 
also receives groundwater inputs from the Onondaga FM.  After the INWR water control structure, the 
gradient of the river increases markedly.  This stretch, from the input of reach 25 to the input of reach 
69 picks up two tributaries (subbasins 23 and 26).  The reach of subbasin 69, which is terminated by 
the Glendale Dam, has the highest slope of the river, averaging 0.52.  This reach also receives the input 
of the Erie Canal and the Medina WWTP.  The segment between the inflow of reach 18 and the outflow 
of  reach 62 has a gradient 0f 0.33 and picks up drainage from Fish Creek and its tributaries.  This end 
of this segment is the gage that was used to calibrate and validate the model.  From the outlet of reach 
72 to the inflow of reach 1 is a lower sloped segment that receives the input of Otter Creek.  This 
segment is terminated by the Waterport Dam.  The segment of river from the Waterport Dam (inflow of 
reach 1) to the Oak Orchard Harbor (outflow of reach 1) is moderately sloped with no major tributary 
inputs.  The final segment is the very low sloped Oak Orchard harbor which stretches from the outflow 
of reach 1 to the mouth of the river (reach 76 outflow).  This segment receives the input of Marsh 
Creek and its tributaries. 
               Five climate scenarios were run with the model to estimate the total sediment and phosphorus 
loads coming from these segments.  The scenarios are a typical year, wet spring, wet summer, wet fall, 
and wet winter.  All have comparable yearly precipitation totals.  They differ only in seasonal inputs.  
Flux changes along the segments were estimated by computing the % changes in fluxes between 
successive segments.  These changes are positive for net increases in loads, and negative for net 
decreases in loads.  To evaluate the effects of the Erie Canal we compared the output of the model to a 
version of the model that had the inputs from the Erie Canal turned off.  Flux comparisions at the 
harbor were made by comparing the flux from the Oak Orchard River (outlet of subbasin 1) to the flux 
of Marsh Creek (outlet of subbasin 2).  Observed data were also collected by boat and flow 
measurements for four days in the spring of 2010 for validation purposes. 
 
Table 1 River Segment Characteristics  
 
Segment 
ID 
Model 
outlet 
Channel  
length 
 
 slope   
Contributing 
area (km) 
% 
crop 
Upstream 
area (km) 
Comments 
C1 Reach 53 20.2 0.25 26.8 63.5 0 No point sources, 
headwaters 
C2 Inflow reach 
35 
11.8 0.12 88.1 63.2 34.9 All mucklands 
Elba WWTP  
C3 Reach 63 4.4 0.23 49.4 49.8 114.9 Fisher Rd site, 
channelized 
C4 Reach 48 4.5 0.02 66.3 61.7 164.3 Allen Canning, Oakfield 
WWTP,  
US. Gypsum 
Groundwater inputs 
C5 Inflow reach 
25 
20 0.04 104.5 45.6 230.7 INWR Water Control 
structure 
Groundwater inputs 
C6 Inflow reach 
69 
10 0.3 77.5 40.4 335.2 Before Glendale Dam 
input from Whitney 
Creek. 
C7 Inflow reach 
18 
8.2 0.52 
 
11.6 33.6 412.7 Glendale Dam, 
Erie Canal inputs. 
Medina WWTP 
C8 Reach 72 17.9 0.33 115.6 65.6 424.7 Calibration gage 
input from Fish Creek 
C9 Inflow reach 1 8 0.15 73.1 53.2 540.2 Waterport Dam, 
input from Otter Creek 
C10 Reach 1 6.6 0.34 8.0 60 616.3  
C11 Reach 76 2.3 0.004 104.6 53.4 621.6 Harbor, 
input from Marsh Crk. 
  
Table 2 Sediment changes along channel segments by climate scenario; metric tons  (% change). 
                       Stretches of the river where fluxes have -% reductions (bold) are sites where 
  sequestering takes place.  These simulations include groundwater inputs.  
 
Segment 
ID 
Model 
outlet 
Normal Wet Spring Wet Summer Wet Fall Wet Winter 
C1 Reach 53 300 285 260 400 730 
C2 Inflow reach 
35 
4400 (+1300) 2436 (+750) 3500 (+1260) 5100 (+1190) 4650 (+540) 
C3 Reach 63 3400 (-24) 3144 (+29 ) 2800 (-20) 3900 (-25) 5950 (+28) 
C4 Reach 48 4800 (+45) 4620 (+47 ) 4200 (+48) 5600 (-44) 8200 (+38) 
C5 Inflow reach 25 1130 (-77) 950  (-79 ) 950 (-77) 1200 (-79) 2090 (-75) 
C6 Inflow reach 69 22500 (+1900) 16120 (+1600) 19100 (+1920) 11300 (+860) 50,380 (+2300) 
C7 Inflow reach 18 3200 (-86) 2980 (-82) 2700 (-86) 6900 (-39) 6890 (-86) 
C8 Reach 72 16000 (+400) 13780 (+360) 13400 (+420) 17300 (+151) 31,890 (+360) 
C9 Inflow reach 1 13500 (-15) 10250 (-26) 12000 (-10) 11900 (-30) 32440 (+1.7) 
C10 Reach 1 12900 (-4.5) 8,990 (-12) 10500 (-13) 11300 (-6) 28260 (-13) 
C11 Reach 76 13700 (+6.6) 10570 (+18) 11600 (+11) 13300 (+18) 30990 (+10) 
 
Table 3 TP changes along channel segments by climate scenario; metric tons  (% change) .  
Segment 
ID 
Model 
outlet 
Normal Wet Spring Wet Summer Wet Fall Wet Winter 
C1 Reach 53 8.9 6.5 8.0 8.0 18.4 
C2 Inflow reach 
35 
38 (+320) 35.3 (+443.1) 35.7 (+343.5) 35.3 (+342) 88.7 (+382) 
C3 Reach 63 49 (+29.1) 39.3 (+11.3) 45.3 (+27.0) 45.2 (+28) 98.7 (+11.3) 
C4 Reach 48 59 (+19.3) 46.2 (+17.6) 55.4 (+22.3) 53.9 (+19) 114.8 (+16.3) 
C5 Inflow reach 25 70 (+19.1) 54.4 (+17.7) 66.9 (+19.3) 66.2 (+15) 129.7 (+13.0) 
C6 Inflow reach 69 81 (+15.4) 62.7 (+15.3) 66.3 (+0.3) 72.2 (+16) 150.4 (+16.0) 
C7 Inflow reach 18 87 (+7.2) 68.4 (+9.1) 81.4 (+22.8) 78.0 (+8) 156.7 (+4.2) 
C8 Reach 72 108 (+25) 86.1 (+25.9) 101.0 (+24.2) 97.9 (+26) 200.1 (+28) 
C9 Inflow reach 1 115 ( +5.8) 90.1 (+4.6) 105.9 (+4.8) 104 (+0 ) 209.9 (+5.0) 
C10 Reach 1 115 ( 0 ) 90.1 (0) 105.9 ( 0 ) 104 (+5.8) 213.6 (+1.8) 
C11 Reach 76 117 (+1.7) 92 (+2.1) 108.1 (+2.1) 106 (+2.2) 218.4 (+2.2) 
 
 
 
 
 
 Table 4  Sediment fluxes from five different crop scenarios.  Note the areal distribution of crops 
  is uniform, only where the crops are grown differ.  Typical climate scenario. 
 
Segment 
ID 
Flux 
Crop 
#1 
 
Crop 
#2 
 
Crop 
#3 
 
Crop 
#4 
 
Crop 
#5 
% change 
Crop #1 
 
Crop 
 #2 
 
Crop  
#3 
 
Crop 
#4 
 
Crop 
 #5 
C1 300 130 240 330 250      
C2 4400 4340 2660 4565 4380 1270 3265 1020 1266 1630 
C3 3400 3755 3240 4070 3690 -24 -14 22 -11 -16 
C4 4800 5685 7730 5535 5600 45 51 139 36 52 
C5 1130 1350 1420 1240 1180 -77 -76 -82 -78 -79 
C6 22500 17420 8650 7980 13100 1890 1190 515 545 1010 
C7 3200 1550 1360 1920 5050 -86 -91 -84 -76 -61 
C8 16000 14570 16040 15490 14410 401 840 1080 707 185 
C9 13500 1255 1310 1250 1240 -16 -91 -92 -92 -91 
C10 12900 2050 2105 2090 2040 -5 64 61 67 64 
C11 13700 7500 4240 4390 7920 7 265 102 110 290 
 
Table 5  TP fluxes from four different crop scenarios.  Note the areal distribution of crops 
  is uniform, only where the crops are grown differ.  Typical climate scenario. 
 
Segme
nt 
ID 
Flux 
Crop 
#1 
 
Crop 
#2 
 
Crop 
#3 
 
Crop  
#4 
 
Crop  
#5 
% change 
Crop  
#1 
 
Crop 
 #2 
 
Crop 
 #3 
 
Crop 
 #4 
 
Crop 
 #5 
C1 8.9 0.1 3.4 6.8 1      
C2 38 24 27 33 29 320 19500 679 384 3140 
C3 49 33 33 50 38 29.1 39 25.2 51.4 29 
C4 59 52 52 56 51 19.3 58.3 55.7 12.6 34 
C5 70 64 67 59 62 19.1 23.2 29.4 5.3 22 
C6 81 70 70 61 67 15.4 9.8 4.8 4.4 10 
C7 87 75 76 67 74 7.2 7.6 7.5 8.8 10 
C8 108 83 98 84 85 25 10 29.2 26.4 14.6 
C9 115 91 100 88 88 5.8 10.2 1.9 4.0 3.5 
C10 115 91 100 88 88 0 0 0.0 0.0 0.0 
C11 117 99 103 93 102 1.7 8.6 3.2 6.2 16.4 
 
 
 
 
 
 Table 6 Flux changes and flux changes per unit contributing area for reaches C2-C11.  Fluxes 
  were computed by taking an average of all crop simulations for the normal climate 
  scenario.  A positive value indicates the combined effect of instream sequestering and 
  loading from the contributing area produced a net increase in the load carried by the 
  river.  A negative value (bold face) indicates the combined effect of instream 
  sequestering and loading from the contributing area produced a net decrease in the 
  load carried by the river. 
 
Seg. 
ID 
Comments Contrib. 
area (km2) 
Sediment 
load (tons) 
 
tons/km
2 
Total Phosphorous 
load (tons) 
 
tons/km2 
C1 No point sources, 
headwaters 
26.8     
C2 All mucklands 
Elba WWTP  
88.1 3819 47.7 26.2 0.33 
C3 Fisher Rd site, 
channelized 
49.4 -438 -8.9 10.4 0.21 
C4 Allen Canning, Oakfield 
WWTP,  
US. Gypsum 
Groundwater inputs 
66.3 2239 33.8 13.4 0.20 
C5 INWR Water Control 
structure 
Groundwater inputs 
104.5 -4606 -44.0 10.4 0.10 
C6 Before Glendale Dam 
input from Whitney 
Creek 
77.5 12666 163.3 5.4 0.07 
C7 Glendale Dam, 
Erie Canal inputs. 
Medina WWTP 
11.6 -11314 -974.5 6.0 0.52 
C8 Calibration gage 
input from Fish Creek 
115.6 12686 109.8 15.8 0.14 
C9 Waterport Dam, 
input from Otter Creek 
73.1 -11591 -158.6 4.8 0.07 
C10  8.0 526 66.0 0.0 0.00 
C11 Harbor, 
input from Marsh Crk. 
104.6 3313 31.7 6.4 0.06 
 
 
 
 
 
 
 
 
  
 
Table 7 Sediment flux balance at the harbor as a function of crop scenario.  
  Typical climate scenario. 
 
Scenario OOR Marsh Crk HRUs Balance % 
OOR 
 
Marsh Crk 
 
HRUs 
OOR Marsh 
ratio 
Crop #1 12890 820 32 93.8 5.7 0.5 15.8 : 1 
Crop #2* 2050 1200 4280 27.4 16 56.7 1.7 : 1 
Crop #3 2105 1255 910 49.6 29 21.5 1.7 : 1 
Crop #4 2090 1455 880 47.7 32.3 20.1 1.5 : 1 
Crop #5* 2040 1646 4233 25.8 20.8 53.4 1.2 : 1 
* Soybean crop in subbasin 76 
 
Table 8 Total phosphorus flux balance at the harbor as a function of crop scenario.  
  Typical climate scenario. 
 
Scenario OOR Marsh Crk HRUs Balance % 
OOR 
 
Marsh Crk 
 
HRUs 
OOR Marsh 
ratio 
Crop #1 114.4 2.4 0 97.9 2.1 0 41.5 : 1 
Crop #2 91 5.2 2.2 92.1 5.7 2.2 16.3 : 1 
Crop #3 99.5 3.2 0.1 96.8 3.1 0.1 31.1 : 1 
Crop #4 87.7 5.3 0.1 94.2 5.7 0.1 16.4 : 1 
Crop #5* 88 13.1 1.3 85.9 12.8 1.3 6.7 : 1 
* Soybean crop in subbasin 76 
 
RESULTS 
 
 The results suggest that fluxes from the watershed are a strong function of climate forcing 
(Tables 2-3, Figures 4-6), crop location, (Tables 4-5, Figure 5-6 and are insensitive to basin-wide 
alternative fertilizer strategies.  Scenarios with wet winters proved to generate the most sediment, 
producing more than two times the flux of sediment than average conditions.  The flux of sediment 
decreases with the following scenarios, normal conditions, wet falls, wet springs and wet summers.  It 
should be noted that these changes in fluxes are due strictly to the timing of precipitation during the 
year, as scenarios were chosen to have similar totals of annual precipitation.  Wet winters proved to 
have the greatest phosphorus fluxes, generating 86.7% more flux than normal conditions, followed by 
normal conditions, wet summers, wet falls and wet springs.  The Mucklands proved to be an important 
source of sediment and phosphorous, supporting previous studies by Longubouto and  and Makarewicz 
and Lewis.  This was due to cropping activities rather than channel erosion, as the slope of this reach is 
relatively low.  Inputs in reach C8, which include the watershed associated with Fish Creek, proved to 
be a significant source of phosphorus and sediment the river.  Increases of 140 to 420%  and 20-30% of 
sediment and phosphorous respectively were predicted by the model.  Although Fish Creek is an 
important reason for this increase, we also believe the high gradient of the channel along this reach is 
also responsible.  Calibration experiments determined that channel erosion had to take place in order to 
account for the observed flux of sediment.  As a consequence the channel erosion parameterization in 
the model was employed.  This parameterization will make sediment outputs from the model sensitive 
to channel slope and length.  The slope of reach C8 is high (0.32) and it is very long (18 km).  
Sediment and phosphorus inputs were also high in reach C6.  This reach corresponds to the high 
gradient of the river downstream of the INWR water control structure which picks up the inputs of 
Whitney Creek and an unnamed tributary. 
        
 Sediments were sequestered along several reaches of the channel.  These reaches are C5, C7, C9 
and C10.  These are respectively the INWR, the Glendale Dam, Waterport Dam and the river 
downstream of Waterport Dam.  The first two sites were very effective at reducing sediments, reducing 
the flux of sediment to the level the river had just before the INWR. In the case of the normal, wet 
summer and wet spring scenarios, sediments were reduced to the level the river had just after the 
Muckland.  Sequestration was not that significant in the reach at Waterport Dam for the calibration crop 
scenario (Crop#1), as sediment levels are still two to three times larger than the flux of the river 
downstream of Glendale Dam.  However for crop scenarios 2 through 5, Lake Alice sequestered 
enough sediment to reduce the flux to its pre-Glendale Dam level.  
       
DISCUSSION  
 
 The results support the hypothesis proposed by the stakeholders that the INWR is an important 
sink for sediment in the river.  The Glendale and Waterport Dams also proved to be important sinks of 
sediment in the river, despite the inputs of water provided by the Erie canal.  Sediments were also 
sequestered to a lesser extent in reach C3, which is a low gradient stretch of the river between the 
Mucklands and Fisher Street bridge.  On the basis of fluxes of sediment contributed per unit 
contributing area and its location upstream of reaches with limited sediment sequestering potential, we 
suggest that the following watershed regions are areas of special concern, C8, C10 and C11 (Figure 7).  
The contributing area of C8 has the second highest loading rate of the reaches (109.8 tons/km2; Table 
6) and is upstream of Waterport Dam which does not sequester enough sediment in some simulations to 
bring the flux down to pre-INWR levels.   Contributing areas for reaches C10 and C11 are downstream 
of the waterport dam and have relatively high sediment loading rates, 66 and 32 tons/km2 respectively.  
The latter includes the fluxes for Marsh Creek and its tributaries.  The contributing area for Reach C6 
may be of concern, it has the highest sediment loading value of all reaches (Table 6), but is upstream of 
Glendale Dam which reduces its load to the level the river had prior to the INWR in eight of the nine 
simulations.  
 
   Phosphate in the model are dominated by organic phosphorus inputs.  Alternative phosphorus 
strategies reduced inorganic phosphorus fluxes, but these reductions are small and do not reduce the 
total flux of TP appreciably.  The model predicts no significant sequestering of phosphorus anywhere 
along the main channel, including the INWR refuge.  This means that phosphorus loads from the 
Mucklands will ultimately get to the harbor.  The question is how accurate is this result, given previous 
field studies (Woltemade, 2000; Healey and Cawley, 2002; Fisher and Acreman, 2004 ) that show that 
wetlands can reduce total phosphorus fluxes.  There are two possibilities.  The first explanation is that 
the model is not calculating the balance of particulate and organic phosphorus correctly or is not 
capturing nutrient cycling realistically.  Since loads of inorganic P (dominated by particulates) are small 
in the model, sequestering of P in the model is going to be low.  The implication here is that there may 
in fact be sequestration but that the model is not capturing it.  The second possibility is that the model 
is correct and that the wetlands in the INWR are at steady state in terms of phosphorus.  Previous 
studies have noted that the reduction of phosphorus in artificial wetlands does decrease over time.  This 
is an important question that should be addressed by stakeholders.  Determining the answer will require 
a better treatment of nutrient cycling in the model, perhaps even a different model, and a robust set of 
observed flux data before and after the refuge. 
   
 If we had to prioritize reaches from the standpoint of changes in total phosphorus fluxes, the 
reaches of concern would be C2, C4 and C8 (Table 6).  These reaches show substantial increases in 
phosphorus fluxes.  It should be noted that the loading flux per unit area in the contributing area for 
reach C7 is much higher than the others (0.51), however it has a smaller contributing area.  Note that 
the contributing area for C2 is the Mucklands.   This modeling study thus supports the interpretations of 
Longabucco and Rafferty (1988) and Makarewicz and Lewis (2009) who also concluded that the 
Mucklands are an area of concern in regards to phosphorus. 
 
 Marsh Creek, thought to be important from the standpoint of sediment balance at the harbor, 
from anecdotal observations of sediment plumes, proved to be significant depending on the crop 
scenario.  Marsh Creek provided between 5 to 32% of the total suspended sediment predicted at the 
outlet (Table 7).  The land use associated with basin 76, the catchment associated with the immediate 
harbor, also proved to be important.  This result needs to be taken in light that there is only one HRU 
for this basin in the model, assigning one crop type/land use to it is unrealistic.  For total phosphorus  
fluxes, the Oak Orchard river is the dominant source, comprising between 85 and 98% of the 
phosphorus flux at the Harbor (Table 8). Inputs from Marsh Creek and subbasin 76 are far less 
important.  Observed discharge measurements indicate that Beardsley creek at Rte 18 is impacted by 
backwater effects.  Flow measurements on two dates revealed no flow.  This means the gradient at 
Marsh Creek downstream of Sawyer Rd is likely to be lower than what was used in the model.  If 
anything, the model will overpredict the role that Marsh Creek has at the Harbor.  
  
Conclusions 
 
         The conclusions from these sets of experiments are as follows:  
 
         Average fluxes of sediment and total phosphorus for a “typical” climate condition, determined 
by taking the average of all five crop scenarios for the 1982 precipitation distribution are 7550 and 103 
tons per year, respectively. 
 
   Sediment and P fluxes are a strong function of climate forcing and crop distribution, with wet 
falls, normal years, and wet winters providing the greatest loads (in that order).  This would seem to 
suggest that precipitation in the winter season (Jan thru March) has the largest impact on annual fluxes.  
Climate change induced increases in precipitation during this period could cause notable increases in 
nonpoint source pollution. 
 
         Sediment choke points were identified at the INWR, Glendale Dam and Lake Alice.  Sediment 
BMPs upstream of these locations, while improving channel habitats locally, will not effect sediment 
rates in the harbor.  Some sediments are being sequestered at the low gradient reach between the 
Mucklands and the Fisher Rd Bridge, depending on the crop scenario. 
 
          The Mucklands, Fish Creek and tributaries associated with Reach C4 seem to be important 
sources of total phosphorus in the watershed and ought to be given priority treatment with regards to 
best management practices.  The latter (reach C4) receives inputs from the Oakfield WWTP, Allen 
Canning and US Gypsum. 
 
 The reach between Glendale dam and River road was determined to be a significant source of 
sediment that makes it to the harbor.  This reach receives inputs from Fish Creek.  This drainage area 
should receive priory treatment with regards to BMPs.  This reach should also be evaluated from the 
standpoint of channel erosion, to confirm the results from the model.    
 
 
 Marsh Creek proved to be relatively unimportant in the phosphorus balance at the harbor, 
however it may be important from viewpoint of sediment.  Depending on the crop scenario, between 5 
to 30% of the sediment flux at the harbor is contributed by this tributary.   The sediment load from 
subbasin 76, the catchment associated with direct runoff to the harbor, was important in several 
simulations, however the model has only one hydrological response unit for this area.  The model is 
thus too simplistic to draw any conclusions from these results. 
 
           As with any model, improvements can be made with better information.  Further work should 
use observed data to determine equilibrium sediment concentrations in the reservoirs and reaches.  
Better knowledge of groundwater inputs, in timing and in flux, from the Onondaga FM would be very 
beneficial.  The INWR role as a phosphorous sink is still an open question.  An improved water quality 
model and/or observed data would be necessary to address this question.  
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Figure 1 Map of SWAT model showing locations of reservoirs (blue dots),  point sources (red 
  dots) and validation sites (white dots).  The subbasins outlined in black are the 
   mucklands which have been parameterized as being tile drained.  Subbasins outlined 
  in blue have been parameterized to receive groundwater flow from the Onondaga  
  escarpment during the spring time.  Enough groundwater flow was added to balance 
  the total observed flow during the two year calibration period. 
 
 
  
 Figure 2 Longitudinal river profile showing locations of point sources, reservoirs 
   Muckland and INWR.  Note the low gradient of the channel upstream of the 
   INWR water control structure (WCS), right picture.  This zone of low  
   channel conveyence separates inputs from the Muck Farms (left picture) and 
   several point sources from the high gradient reach that leads to Glendale  
   Dam.  Thus, the lead author hypothesizes that the INWR water control structure 
   is an important regulator of flux from the southern part of the watershed. 
   Modified after Longabucco and Rafferty (1988). 
  Figure 3 Map of major river segments analyzed in this set of experiments.  Refer to 
   Table 1 for details of the characteristics of these reaches.  Segments were  
   classified on the basis of reservoirs, gradient, land use and point source inputs. 
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 Figure 4 Sediment and total phosphorus fluxes as a function of climate for the 
   main outlet, INWR water control structure (WCS) and the Mucklands.  
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 Figure 5 Sediment fluxes along the main channel in segments c1-c11 as a function of  
  climate scenario (top) and crop location (bottom).  Note that in all of these experiments 
  the % distribution of type of crop does not change, but their location in HRUS does. 
 Figure 6 Phosphorus fluxes along the main channel in segments c1-c11 as a function of  
  climate scenario (top) and crop location (bottom).  Note that in all of these experiments 
  the % distribution of type of crop does not change, but their location in HRUS does.  
  
Figure 7   Areas of concern for sediments deduced from loading values of contributing areas 
  and their location with respect to sites of instream sequestering.  Blue reaches 
  sequester sediments, red and purple reaches are net sources for sediment. 
  The contributing area for C11 includes Marsh Creek.  
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 Figure 8  Areas of concern for total phosphorus deduced from loading values of contributing areas 
  and their location with respect to sites of instream sequestering.  The contributing area 
  for C2 is the Muckland. 
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